The oxidative three-component Passerini reaction using primary alcohols as aldehyde surrogates with ferric nitrate (Fe(NO 3 ) 3 .9H 2 O) and TEMPO as the catalyst system under air is described, The reaction has broad scope over all three components.
Introduction
Multicomponent reactions (MCR) are attractive because they are generally atom and energy efficient involving multistep procedures in one-pot. [1] [2] [3] [4] [5] [6] [7] [8] [9] Amongst the MCRs, the isocyanide-based
MCRs have been investigated intensively during the past two decades and many novel modifications have been developed which offer products which are building blocks for constructing important heterocyclic and medicinally important scaffolds. [10] [11] [12] [13] [14] [15] [16] Of particular importance in this area is the Passerini three-component (3C) reaction that involves the reaction between an aldehyde or a ketone, an isocyanide and a carboxylic acid to afford an α-acyloxy amide. [17] [18] [19] [20] As a consequence efforts have been directed toward developing alternatives to this important reaction. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] However, in most of the reported 3C-Passerini reactions an aldehyde constitutes the principal starting material which limits the versatility of the reaction. In order to address this issue, the oxidative Passerini reaction involving in situ oxidation of alcohol to aldehyde for participating in the MCR was developed. Ngouansavanh and Zhu in their seminal work disclosed the 2-iodoxybenzoic acid (IBX)-mediated in situ oxidation of various primary Iron-catalysed oxidative reactions are attractive because they involve the use of cheap, nontoxic and naturally abundant metal and can be carried out under aerobic conditions. 43 Recently,
we have initiated studies exploring the potential of Fe(NO 3 ) 3 .9H 2 O for different oxidative transformations. We have found that this homogenous catalyst is a superior option for transforming alcohols to nitriles in the presence of aqueous ammonia (30%) under air. 44 Subsequently we reported the suitability of this catalyst system for oxidative 3C-Ugi reaction using arylmethyl amines as the imine precursors. 45 In continuing studies related to the use of Fe(NO 3 ) 3 .9H 2 O/TEMPO for oxidative reactions, we sought investigating its potential for oxidative 3C-Passerini reaction. It is worth mentioning that Fe(NO 3 ) 3 .9H 2 O/TEMPO system has been reported to be excellent catalyst for the oxidation of alcohols to aldehydes under aerobic conditions. 46 
Results and Discussion
We commenced our investigations of the oxidative 3C-Passerini reaction by treating benzyl alcohol 1a (1.0 equiv) with benzoic acid 2A (1.1 equiv) and tert-butylisocyanide 3a (1.1 equiv) in the presence of Fe(NO 3 ) 3 .9H 2 O (10 mol%), TEMPO (10 mol%) in MeCN at room temperature under air. Although the reaction resulted in a mixture of products, we were able to isolate the α-acyloxy-amide 4aAa in 56% yield (Scheme 2). Since Liu and Ma have reported the Fe(NO 3 ) 3 .9H 2 O/TEMPO-mediated oxidation of alcohols in DCE at room temperature, [46] [47] we considered performing the same reaction in DCE. The reaction was complete in 24 h and we were pleased to observe that the isolated yield of 4aAa enhanced to 86%. We also examined the reaction in toluene but here 4aAa was isolated in 72% yield only.
Scheme 2.
Result of the screening of oxidative 3C-Passerini reaction in different solvents.
With optimum conditions in hand, the scope of this iron-catalyst system for oxidative Passerini reaction was next investigated. A variety of alcohols (1a-i) including arylmethyl alcohols and aliphatic alcohols were found to be compatible with the protocol (Table 1) . However it was observed that the yields of products (4eAa, 4eAb, 4fAa) afforded from aliphatic alcohols were moderate only (entries [11] [12] [13] . Among acids, we investigated the reaction with benzoic acid (2A), pyridine-3-carboxylic acid (2B), 3-nitrobenzoic acid (2C), cinnamic acid, (2D) 3-chlorophenylacetic acid (2E) and discovered that all acids participated in the reaction offering the α-acyloxy-amides. Different commercially available isocyanides including tertbutylisocyanide (3a), cyclohexylisocyanide (3b), ethyl 2-isocyanoacetate (3c), 4-(2-isocyanoethyl)morpholine (3d) and 2,6-dimethylphenylisocyanide (3e) investigated in this study proved to be good substrates for the reaction, affording the products in good to excellent yields. 
Conclusions
In summary, we have demonstrated that the Fe(NO 3 ) 3 .9H 2 O/TEMPO is an effective homogenous catalyst system for oxidative 3C-Passerini reaction using air as oxidant. This catalytic system does not require any additive and the reaction has broad substrate scope across all three components. Hence this work updates the repertoire of catalytic systems for the oxidative 3C-Passerini reaction.
Experimental Section
General. All experiments were monitored by analytical thin layer chromatography (TLC). TLC was performed on pre-coated silica gel plates. After elution, plate was visualized under UV illumination at 254 nm for UV active materials. Further visualization was achieved by staining with KMnO 4 and charring on a hot plate. The melting points were recorded on a hot stage apparatus using silicone oil. IR spectra were recorded using a FTIR spectrophotometer. 1 H NMR and 13 C NMR spectra were recorded on 400 and 500 MHz spectrometers, using TMS as an internal standard (chemical shifts in δ). Peak multiplicities of NMR signals were designated as s (singlet), bs (broad singlet), d (doublet), dd (doublet of doublet), t (triplet), m (multiplet) etc. The ESI-MS were recorded on Ion Trap Mass spectrometer and the HRMS spectra were recorded as ESI-HRMS on a Q-TOF LC-MS/MS mass spectrometer. Commercial grade reagents and solvents were used without further purification. General procedure for the oxidative 3C-Passerini reaction as exemplified for the formation of 4aAa. To a flask charged with DCE (5 mL) were added benzyl alcohol 1a (0.1 g, 0.92 mmol), benzoic acid 2A (0.124 g, 1.02 mmol) and tert-butylisocyanide 3a (115 µL, 1.02 mmol) at room temperature under air (maintained by air balloon). Thereafter, Fe(NO 3 ) 3 .9H 2 O (0.037 g, 0.092 mmol) and TEMPO (0.014 g, 0.092 mmol) were added and the mixture was stirred at room temperature for 24 h. After completion of reaction (as monitored by TLC), the solvent was evaporated and the residue was extracted with EtOAc (15 mL x 2) and water (25 mL). The organic layers were pooled, dried over Na 2 SO 4 and evaporated to obtain the crude product. Purification of the crude material via column chromatography over silica gel using hexanes/EtOAc (80:20, v/v) as eluent furnished 4aAa as a white solid (0.247 g, 86%). 
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